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Introduction 

The Scarf osteotomy is a well-established procedure in the treatment of hallux valgus. A survey of Australian orthopaedic surgeons found that greater than 50% would perform a Scarf osteotomy for moderate to severe hallux valgus deformities when asked.1 The earliest mention of a first metatarsal midshaft “Z osteotomy” in the literature is by Meyer in 19262. This osteotomy was formalerly given its Scarf name by Borrelli and Weil 3 in 1984, who along with Barouk 4 popularized the Scarf for the treatment of Hallux Valgus. Barouk5 describes the Scarf osteotomy to possess “great versatility” as it can be used to not only provide lateral shift of the first metatarsal, but lower or elevate the metatarsal head, lengthen or shorten the first metatarsal and even provide axial rotation. We use the osteotomy for mild to severe hallux valgus deformities due to its adaptability and ease of useversatility, from mild to complex cases, and proven results. 

Due to the complex 3-dimensional osteotomy of the scarf, it is technically challenging with a substantial learning curve. Its versatility, although very advantageous, increases the risk of malunion as axial, sagittal and coronal plane corrections. The results of Scarf osteotomy are generally favourable, characterised by with Crevoisier describing an 89% satisfaction rate.6 However, this positive result does not occur across the board. Coetzee described complications in 47% of cases in their series, with troughing being the major complication (occurring in 35%). Davies7 and colleagues also found the production of unintentional malunions in a geometric study on scarf osteotomiesWHAT MALUNIONS; ALL WILL BE UNINTENTIONAL; DID THEY DESCRIBE ANY TRAITS?. The method for reducing this complication was described by Murawski ADDIN EN.CITE 8 et al. By rotating the scarf the corices are nol longer purely on cancellous bone as opposed portrayed a reduction in troughing if a rotational scarf was performed in comparison to a traditional scarf. This highlights that wWhen undertaking a Scarf osteotomy, planning is paramount. Recognition of the 3-dimensional aspects of the osteotomy, allows all manner of deformities to be corrected and the potential complications negated.

Translational correction
The basic concept to comprehend is that wWith a translation correction using a Scarf osteotomy, the movement is in three planes not just one.  Firstly, iIt is therefore importantparamount to recognize whichat bone cuts dictate whichat plane of movement. This is shown in table 1 and figure 1 NEED POINTERS ON FIGURE FOR WHICH CUT IS WHICH. It is possible to make cuts parallel to the axial and coronal planes to achieve only sagittal movement, but it is also important to be aware that this is not always possibleThis demonstrates that with these cuts, one can achieve from neutral sagittal and coronal displacement to large deformity corrections. Standard practice is to make a Z osteotomy (figure 2) by producing longitudinal axial cut starting 5mm from the dorsal surface of the metatarsal head and moving proximally to the inferior flare of the metatarsal shaft. We have published previously our preferred method of the cut being made with a 10° declination angle to prevent dorsal malunions and subsequent transfer metatarsalgia.9 The 2 sagittal cuts are performed as planned on a prior templated radiograph, 90° to the 2nd metatarsal shaft. We would consider pre-operative templating to be a critical role in the success of this operation. These cuts are made parallel, one distal dorsal and one proximal plantar. If an altered distal metatarsal articular angle is to be corrected (Figure 3), frequently a simple rotationall movement will allow impaction into metaphyseal bone. However, if not successful, a medial wedge of bone can be excised from the proximal dorsal limb, to allow easy rotation of the metatarsal head.

Using trigonometry, it is possible to predict the 3-plane movement with a translational scarf if we know the angle of cut (degrees) and magnitude of translation (mm). Figure 4 illustrates both the graphs and osteotomy schematic of the expected elevation/lowering/shortening/lengthening of the metatarsal on lateral displacement of the distal limb of the osteotomy. For example, a 6mm translation of an osteotomised metatarsal with a 30° proximal to distal angulation of both sagittal cuts will result in a 3.5mm lengthening of the metatarsal. Carr and Boyd proposed 4 mm as an acceptable degree of post-operative shortening10, and Schemitsch and Horne11 concluded that a relative ratio of the length of the first metatarsal compared to the second of < 0.825% is important. Karpe reported on the results of shortening scarf osteotomies in severe hallux valgus.12 Although the magnitude of shortening was not reported, they reported all patients to be satisfied or very satisfied, without any cases of transfer metatarsalgia. We standardly template so that the is no change in metatarsal length. However, in the presence of mild arthritis or pre-operative stiffness, shortening can decompress the 1st MTPJ and provide a greater arc of movement
	
Rotation of metatarsal head
If an altered distal metatarsal articular angle is to be corrected, a rotational Scarf osteotomy in the axial plane is possible. However, a greater degree of freedom, for an axial plane rotation, is achievable  when using a long basal limbed Chevron osteotomy.13 This is because with rotation during a scarf osteotomy, the proximal aspect of the plantar limb can wedge into the dorsal limb, limiting the rotation. The scarf can be modified with a medial wedge of bone excised from the distal dorsal limb, and a small wedge of bone excised from the proximal aspect of the plantar limb, to prevent the impaction.  These extra bone cuts result in bone loss, which can inadvertently produce metatarsal shortening. Deenik reported on a randomized control trial comparing scarf and chevron osteotomies for the treatment for hallux valgus and found no significant difference in all outcomes., Hhowever they favoured the chevron osteotomy due toas they considered it  it to being less technically demanding.14 We agree certainly concur with this comment when tackling rotational corrections. To help reproducibility, O’Briain et.al. introduced a formula to control the proximal and distal translations of the osteotomy and in a prospective study improved the distal metatarsal articular angle corrections.15 An example of use of a scarf osteotomy to correct rotation is illustrated in figure 3.

Conversely, tThe scarf osteotomy is notwas originally designed not to allow metatarsal rotation on the Z axis. HThis has however unintended rotation has, been reported as a complication.  Davies et.al. reported a potential risk of producing unintended rotational mal-unions in all three planes.7 The pronation deformity of the metatarsal has been attributed directly to the effects of troughing in the diaphyseal region of the metatarsal.16 Two geometric analysis studies have found less pronation deformities when comparing scarf osteotomies with other first metatarsal osteotomies. H, however these studies were performed in saw bones that would obviously have less susceptibility to trough. ADDIN EN.CITE 17,18  Murawski recommended a rotational scarf osteotomysome rotation as well as translation of the scarf to prevent troughing, as there is cortical contact between both limbs of the osteotomy, however they were not only treating distal metatarsal articular angle corrections in their study SENTENCE AFTER COMMA DOESN’T MAKE SENSE. ADDIN EN.CITE 8

Changing length
Scarf is a wood working technique used in carpentry to increase the length of beams. It is therefore inevitable that its use would be beneficial in lengthening and shortening the first metatarsal. Singh and Dudkiewicz reported on the use of scarf osteotomy in the lengthening of the first metatarsal.19 They found they modified the direction of cuts in theirir scarf osteotomiesmy to not only achieve an increase in length, but to also cause declination of the metatarsal head. If the horizontal aspect of the osteotomy is performed in line with parallel to the ground, the metatarsal with lengthen but not decline. These osteotomies can be seen in figure 5. The other method to alter the amount of plantarflexion of the head is the declination angle of the horizontal cut. If parallelto the floor then the will be no alteration in metatarsal head height. However standard practice is to raise one’s hand whilst performing the osteotomy. This causes the the osteotomy to be declined towards the plantar aspect and therefore, as the osteotomy is translated the metatarsal head is lowered (COULD YOU DO ANOTHER VERSION OF FIGURE 4B TO SHOW THIS). The reason for this standard practice is that studies show that hallux valgus causes defunctioning of the forsta ray with decreaded load being borne by the 1st metatarsal head (please reference my paper in Foot and Ankle Surgery and Davies paper in JBJS). It is therefore apparent that carfule planning needs to be undertaken to ensure that the correct degree of lowering of the the 1st netatrsal head is performed
Shortening the metatarsal by scarf osteotomy works on the same principles. Both lengthening and shortening are very easy to plan and control with the scarf osteotomy as the distraction or shortening by bone cuts can be measured directly due to the gapping between the beams or the bone size removed. 

Summary/Discussion
The scarf osteotomy has become the work horse procedure for a large proportion of foot and ankle surgeons, especially in Europe, in the treatment of hallux valgus. It has predictable results with a meta-analysis of scarf osteotomies for hallux valgus correction finding a mean reduction of 6.21° in the 1-2 intermetatarsal angle in 300 cases20. De Vil21 reported on the long term outcomes of scarf osteotomies with a mean improvement of 1-2 IMA of 6° and HVA of 19° being maintained at 8-years. Nevertheless, such a versatile procedure should not be underestimated, and planning and thought should preceed any such procedure. The angle of bone cuts and magnitude of translation, dictate the final position, and all movement axis should be given equal attention.



This ratio is also in the lower range of normality according to Tanaka et al WHAT DOE STHIS SENTENCE REFER TO??.13 
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Figure 1
3D representation of a scarf osteotomy illustrating the 3 plane nature of the osteotomy.
Figure 2
Example of the typical Z osteotomy performed on the first metatarsal, generally described as a Scarf. 
Figure 3
A pre and post-operative anteroposterior radiograph showing the correction of an altered DMAA using a scarf osteotomy.
Figure 4A and B
Graph and schematic illustrating the magnitude of displacement in a particular axis when translated in the juxtaposed axis due to the degree of bony cut. The schematic illustrates the axis which is dependent on each other.
Figure 5
The initial picture illustrates the scarf osteotomy which on lengthening would also achieve head declination. If the horizontal aspect of the osteotomy is performed in line with the ground as in the second picture, the metatarsal with lengthen but not decline.


